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Sofface  itppt^******  modification  of  plates  in  a  water-filled  waveguide 


P  S  Dtibbclday 

4aval  R«a«»reb  Laboratory,  Undorrator  Sound  Reference  Detncbnent, 
P.O.Box  568337,  Orlnndo  FI  32856-8337 

ABSTRACT:  The  intoraetioa  of  parallel  eavee,  prepaeat^  in  a  wate^ 
filled  cylindrical  rave«uide,  with  a  plate  perpendicular  ^  ate  e^ 
ia  detaraiaed  by  the  plate ‘a  epecif  ie- acouetic  aapedance,  the 
product  of  density  and  eavo  speed.  By  aeaas  of  an  attache 
pienoelectric  diek-ehaped  double  tranedncer,  («easer  awl  actuator) , 
the  appareat  surface  iapedaaee  of  the  plate  ie  aodified  to  equal  the 
iapedaace  of  the  aediua,  thus  eetabliebin*  a 
situation.  The  actuator  voltage  is  regulated  by  a  feedback  loop, 
based  on  aa  algoritha  lor  coaplex-root  Hading. 


1.  INIRODUCnaif 


In  this  investigation,  plane  waves  propagate  ia  a  cylindrical 
waveguide,  and  interact  with  a  diek-ehaped  plate  with  specific  acoustic 
iapedaace  p  c^,  where  is  the  density  and  c^  the  dilatational  wave 
speed  ia  the  plate  aaterial.  In  a  previous  study  (Dubbelday  and  Boner 
1991),  it  was  shown  that  by  attaching  a  layer  of  pienoelectric  aaterial 
(actuator)  to  the  plate,  one  can  establish  a  condition  of  no- 
traassissioa  through  the  plate,  by  regulating  the  voltage  of  the 
actuator  through  a  feedback  loop  that  reduces  the  voltage  output  of  a 
sensor,  placed  behind  the  plate,  to  lero.  The  feedback  loop  was  closed 
by  a  coaputer  that  perforas  its  task  by  neans  of  an  algoritha  froa 
coeplex-root-f lading  concepts. 


To  establish  a  no-reflection  condition,  one  needs  two  iteas  of 
iaforeation  to  drive  the  actuator,  in  order  to  distinguish  the  incoaing 
wave  froB  the  reflected  wave.  These  could  be  derived  froa  two  pressure 
transducers,  or  one  pressure  transducer  and  one  velocity  transducer. 
In  the  analysis  presented  here  it  is  shown  that  one  nay  establish  a  no- 
reflection  condition  by  neans  of  two  active  layers  attachsd  to  tbs 
plate.  The  voltage  of  one  of  these,  the  actuator,  is  governed  by  a 
feedback  loop,  based  on  the  saae  algoritha  as  referred  to  above,  that 
uses  the  voltage  signal  froa  the  other  layer,  the  sensor. 
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WAVEGUIDE  AND  TRANSDUCERS 


A  skcteb  of  tho  mYoguidv  ua«d  in  thi*  - 

•xporiMBt  is  slunni  in  Figaro  1.  This  mm 

is  ss  MRL-USiD  (Ksvsl  Rososrch 

Lsborstory,  Usdonrstor  Soasd  Reforosco  j 

OotsdiBost)  typo  GIB  cslibrstor  (NstsI  *"»  | - - - 

Rososrch  Lsborstory  1B82) .  A  plsso  i  I 

osTo  is  crostod  in  tho  ostor-f illed 
tsbo  by  s  eoil-driros  pistos  in  tho 
bottos. 

Tho  doublo  trsssdttcor  is  cosstraetod  1- 

from  two  Isyors  of  sctiro  mstorisl,  / 

oseh  3.3  SB  thick.  Tho  setiro  sstorisl 
is  NTS  PioBornbbor,  PE-306. 

(Piosorubbor  is  s  trsdossrk  of  HTE  ptg.  1.  Exporisostsl  arrsago- 
Toehsicsl  Division,  NCX  Spark  Plug  Co.,  ndart  in  GIB  cslibrstor. 
Nsgoys,  J^ksa.)  It  eosaists  of  PbTlO^ 

psrticlos  osboddod  is  s  sooprono  olsstoaor  astrix.  Tho  coator 
oloetrodo  is  coaaoa  to  both  trsasdacor  disks,  sad  is  kopt  st  ground 
potoatisl.  Tho  shields  of  tho  trsasducers  sad  the  shields  of  tho 
coaxial  cables  are  oleetricslly  coaaocted  together  sad  to  ground.  Tho 
polarisstioa  of  tho  two  trsasducers  is  satipsrsllol. 


ANALTSXS  OF  DOUBLE  TRANSDUCER 

It  is  sssuaod  that  the  operation  of 
the  two  transducers,  attached  to  tho 
plate,  aay  bo  adequately  described 
hT  *  model  sketched  in  Figaro  2. 
Tho  second  subscript  indicates  tho 
transducer,  1  for  the  actuator,  and 
2  for  the  sensor. 


mam  «ctumom 


■Tf 

.  L 


1 1 1 1 1 * 
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Fig.  2.  Interaction  of  incoaing 
wave  with  plate  and  double 
transducer. 


The  basic  equations  are  derived  in  1 

Auld  (1D73)  in  the  thin-disk  !  1  v' /  / / 

approximation,  for  which  the  lateral 

diaension  is  such  larger  than  the  Fig.  2.  Interaction  of  incoaing 
thickness.  They  fora  a  set  of  six  plate  and  double 

linear  relations  between  tho  four  transducer. 

surface  forces  per  unit  of  area  f^.  and  tho  four  surface  velocities  v^^. 
(where  i,j  =  1,2),  the  two  voltages  and  Vg  for  the  actuator  ana 
sensor,  respectively,  and  the  current  density  in  the  actuator.  It 
is  assuaed  that  the  sensor  does  not  draw  current.  For  the  sake  of 
better  insight  into  the  analysis  it  is  assuaed  that  the  actuator  and 
sensor  consist  of  the  same  aaterial,  and  have  identical  diocnsioiis.  Of 
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course  this  mssumption  is  not  essentisl  to  the  principle  of  the  nethod. 

Laileur  et  al  (1081)  give  relntions  for  the  esse  where  the  cwo  Isjrers  ’ 

are  not  idonticsl. 

At  the  interlsce  between  the  trsnsdneers  one  hss  the  conditions  ~ 

m  0  sad  there  is  s  total  of  eight  equations  for  j 

the  eight  unknowns.  In  the  experiseat,  the  quantity  is  set,  sad  the 
quantities  V2  and  can  be  aeasnred.  Thus,  in  principle,  one  can  j 

>:xpress  the  eight  unknowns  in  terns  of  these  obeerrable  quantities. 

^ea  the  algebra  is  carried  out  one  finds  the  physically  plausible 

result  that  the  current  density  is  sainly  detemiaed  by  the  specific 

capacity  of  the  transducer,  and  only  a  snail  faction  of  plays  a 

part  in  the  conputation,  thus  posing  inpossibla  denaads  on  the  accuracy  ! 

of  the  current  aeaanreaeat. 

( 

Therefore  a  different  approaeh~is  followed.  Vithout  any  roltags 
iapressed  on  the  actuator  and  its  'teminals  not  connected,  one  observes 
two  voltages  ^10  and  ^20-  Since  the  current  density  is  now  'known*,  I 

being  equal  to  sero,  it  is  possible  to  express  the  eight  forces  and 
**To^ties  Ja  terns  of  the  voltages  Y^q  and  Y2Q. 

Froa  these  expressions  one  say  infer  the  iapedaaee  to  the  wave  at  the 
interface  between  actuator  and  plate,  »«  ■  “  ^21  ^  ^21* 
experiaeatally  detemiaed  value  of  t  ,  one  nay  solve  the  original 
equations  for  f^2  i*ns  of  Ihe  set  actuator  voltage  Y^,  and 

the  observed  sensor  voltage  Y2. 

It  is  assuned  that  x^  stays  constant  for  a  sufficiently  long  tine,  to 
I  establish  the  sero  condition  for  the  function  ’*  •  ^12  ”  *i  '^12' 

j  is  the  desired  iapedaaee  of  the  sensor  surface  to  the  incoaiag  wave. 

For  the  no-reflectioa  condition  s.  s  p^  c^,  the  specific  acoustic 
iapedaaee  of  the  aediua. 

FEEDBACK  ARRANGEMENT 

The  'establishaent  of  the  desired  input  iapedanee  of  the  plate- 
transducer  coabination  aaouats  nathesatically  to  finding  the  sero  of 
the  function  w.  The  right-hand  side  nay  be  considered  as  a  coaposite 
function  of  the  voltage  iapressed  on  the  actuator  Y^  (considered  as  the 
independent  conplex  variable  z) .  Both  f ^nd  v^2  deterained  in 
teras  of  and  Y2  by  solution  of  the  basic  equations,  as  sketched 
above.  The  observed  sensor  voltage  V2  is  a  function  of  Y^  through  the 
physical  setup.  Thus  a  coaplex  function  w  «  f(z}  is  identified,  partly 
defined  by  aatbeaatical  expressions  and  partly  by  the  experiaental 
arrangeaent.  This  function  does  not  have  to  be  linear,  but  it  should 
be  analytic.  Uatbenatically  the  problea  reduces  to  finding  the  root(s) 
of  the  analytic  coaplex  function  f.  Froa  the  various  oetnods  for  root- 
finding  available,  the  secant  cethod  proved  quite  successful,  because 


I 
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tha  functioa  is  slaost  liaear,  sad  aajr  bs  supposad  to  bare  oaly  oas 
root. 


la  tbs  prosoat  study  of  ao-refleetioo,  wbersbjr  tbs  iapsdanes  s.  Is  sat 
aqual  to  tba  iapadaaea  of  tbs  vatoreoloaa,  tba  root-fiadiac 
alsoritha  uorkad  as  «all  as  bafora.  Tba  dasirad  status  of  a  trarsliag 
aare  bstvasa  pistoa  aad  plats  uaa  aot  astablisbsd,  boaavar.  A 
eoaparisoa  was  aada  batwasa  tba  valuas  coapatad  for  tba  strsss  aad 
valocity  at  tba  saasor  saparatsly  aad  raluas  aaasurad  by  a  aiaiatura 
bydropboaa  aaar  tba  saasor  aad  aa  accalaroaatar  aouatad  oa  tba  saasor, 
raspactlToIy .  Tba  agraaaaat  for  prasaura  uaa  raasoaably  good,  Figura 
3,  but  aot  so  for  tba  raleelty.,'  Figura  4.  Various  eausas  wars 
iarastigatad,  bat  thus  far  ao  solutioa  bas  bsaa  fouad. 


Fig.  3.  Coaparisoa  of  pressure 
froa  double  traasducer  (solid) 
with  aeasureaeat  by  hydrophoae 
(dasbsd) . 


Fig.  4.  Coaparisoa  of  velocity 
froa  double  traasducer  (solid) 
with  aeasureaeat  by  accelero* 
aster  (dasbad) . 
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